ABSTRACT. The proportions of Sertoli cell tumor (SCT), seminoma and Leydig cell tumor in 50 dogs with unilateral testicular tumors were 52%, 36% and 12%, respectively. The rate of occurrence of SCT in the cryptorchid testis was very high (71%). The testicular superoxide dismutase (SOD) activity, testicular heat shock protein (HSP) 70 concentration and peripheral blood plasma inhibin (INH)-α concentration of 10 dogs with a unilateral cryptorchid testis and no testicular tumors, 10 dogs with SCT in a unilateral cryptorchid testis and 10 normal dogs, all aged 5-15 years, were measured in order to identify high risk factors for the occurrence of SCT in the canine cryptorchid testis. The mean SOD activity in cryptorchid testes and SCTs was significantly lower and higher, respectively, than in normal testes (both P<0.01). The mean HSP 70 concentration in both cryptorchid testes and SCTs was significantly higher than in normal testes (both P<0.01). The mean plasma INH-α concentration of the cryptorchid and SCT dogs was significantly lower and higher, respectively, than in normal dogs (P<0.05 and 0.01, respectively). The low SOD activity in the cryptorchid testis, low blood plasma INH-α concentration of the cryptorchid dogs and high HSP 70 concentration in the SCTs may be related to the occurrence of SCT and tumor cell proliferation in canine cryptorchid testes.
The prevalence of testicular tumors is higher in dogs than in any other mammalian species examined [5, 9] . The main types of tumors are Sertoli cell tumor (SCT), seminoma and Leydig cell tumor [5, 15] , and the occurrence rate of SCT in the cryptorchid testes of dogs is known to be much higher than in scrotal testes [14, 26] .
A higher temperature in experimental cryptorchid testes in rats has been found to cause high production of reactive oxygen species (ROS) as a result of a reduction in superoxide dismutase (SOD) activity in the testicular tissue [1, 29] . A high ROS concentration in the cryptorchid testis is an important risk factor for the occurrence and development of testicular tumors [29] . Heat shock protein (HSP) 70 is the main protein produced abundantly in some tissues exposed to heat stress [22] , and it induces the development of certain tumors [6, 18, 20] . Inhibin (INH) in male animals is a glycoprotein produced by Sertoli cells [23, 24, 28] and is composed of two subunits, an α-unit and a β-unit [8, 23] . The bioactivity of INH-α is important for spermatogenesis in the testis [11, 24, 29] and is especially correlated with Sertoli cell function [19, 21] . The blood plasma INH concentration is lower in cryptorchid men than in normal men [3, 7, 21] , and the rate of occurrence of SCT has been found to be markedly higher in knockout mice with INH-α gene deficiency [4] .
In the present study, the proportion of SCTs was investigated in dogs. The testicular SOD activity and HSP 70 concentration and blood plasma INH-α concentration of dogs with a unilateral cryptorchid testis, dogs with an SCT in a unilateral cryptorchid testis and normal dogs were measured to identify the high risk factors for the occurrence of SCT in canine cryptorchid testes.
MATERIALS AND METHODS

Samples of testes and blood:
The testes of 50 dogs diagnosed with a unilateral testicular tumor in the scrotal or cryptorchid testes were obtained immediately after orchidectomy at the Animal Medical Center of Nippon Veterinary and Life Science University and seven small clinics in Tokyo between April 2002 and September 2004. A sample of tumor material was fixed in Bouin's solution, and the tumors were classified histopathologically, according to previous reports concerning canine testicular tumors [5, 15] , by examination of sections stained with PAS and hematoxylin. The remaining testicular tissue was stored at -80°C.
Testicular tumor tissue diagnosed as SCT tumor was left for 30 min at room temperature, and then the tissue (40 mg) was homogenized in 4 ml of phosphate buffered solution (40 mM Na 2 HPO 4 •12H 2 O, 2 mM KH 2 PO 4 , 150 mM NaCl and 3 mM KCl) using an ultra tissue homogenizer. The suspension was then centrifuged for 30 min at 11,000 g (at 4°C), and the supernatant was used to measure the SOD activity and HSP 70 concentration.
Heparinized peripheral blood samples (5 ml) were collected from the 50 dogs with testicular tumors before orchidectomy. The blood was immediately centrifuged for 15 min at 1,200 g (at 4°C), and the obtained plasma was stored at -20°C until measurement of the INH-α concentration.
A peripheral blood sample (5 ml) and both testes were obtained from 10 unilaterally cryptorchid dogs that did not have a testicular tumor (6-12 years old) and 10 normal dogs (5-13 years old) at the above-mentioned animal hospitals and stored at -80°C and -20°C, respectively.
Measurement of testicular SOD activity and HSP 70 concentration: SOD activity and the HSP 70 concentration in the supernatant of the testicular and SCT tissues were measured by enzyme analysis reactions with an SOD Assay Kit (Trevigen Inc., MD, U.S.A.) and with an HSP 70 ELISA Kit (Stressgene Biotechnologies Inc., BC, Canada), respectively. The sensitivities of the kits were 0.01-100 unit/mg SOD per assay tube and 0.01-50 µg/mg HSP per assay tube, respectively. A spectrophotometer was used at an absorbance of 550 nm for both assays. The total protein concentration of each sample was determined with a Protein Assay Kit (Bio-Rad Laboratories Inc., CA, U.S.A.) in order to calculate SOD units/mg protein and HSP 70 µg/mg protein.
Measurement of the blood plasma INH-α concentration:
The blood plasma INH-α concentration was measured by an enzyme immunoassay method using an INH-α Assay Kit (Peninsula Laboratories Inc., CA, U.S.A.). A spectrophotometer was used at an absorbance of 570 nm for this assay.
Statistical analysis: The data are presented as mean values ± standard error (± SE). Differences between means were statistically analyzed by Student's t-test. P-values of <0.05 were regarded as significant.
RESULTS
Rates of occurrence of testicular tumors:
The proportions of SCT, seminoma and Leydig cell tumors in all 50 dogs with a unilateral testicular tumor and the rates of occurrence of each tumor in the cryptorchid testes are shown in Table 1 . The rate of occurrence of SCT was the highest among the 3 types of canine testicular tumor. The rate of SCT in cryptorchid testes was very high (71.4%).
Testicular SOD activity: The mean (± SE) testicular SOD activities of the unilaterally cryptorchid dogs without a testicular tumor, the dogs with an SCT in the cryptorchid testis and the normal dogs are shown in Table 2 . The mean SOD activity of the cryptorchid testes was significantly lower than in the contralateral scrotal testes of the cryptorchid dogs and testes of the normal dogs (both P<0.01). The mean SOD activity of SCTs was significantly higher than in the contralateral scrotal testes of the dogs with an SCT in the unilateral cryptorchid testis and the testes of the normal dogs (both P<0.01).
Testicular HSP 70 concentration: The mean (± SE) testicular HSP 70 concentrations of the unilaterally cryptorchid dogs without a testicular tumor, the dogs with an SCT in the cryptorchid testis and the normal dogs are shown in Table 3 . The mean HSP 70 concentrations in the cryptorchid testes and SCTs were significantly higher than in the contralateral Table 1 .
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scrotal testes (both P<0.05) and testes of the normal dogs (P<0.01).
Peripheral blood plasma INH-α concentration:
The mean (± SE) peripheral blood plasma INH-α concentrations of the unilaterally cryptorchid dogs without a testicular tumor, the dogs with an SCT in the cryptorchid testis, and the normal dogs are shown in Table 4 . The mean INH-α concentration of the cryptorchid dogs was significantly lower than in the normal dogs (P<0.05). The mean INH-α concentration of the dogs with an SCT was significantly higher than in the normal dogs (P<0.01).
DISCUSSION
The results of this study confirmed a high rate of occurrence of SCT in the cryptorchid testes of dogs as shown in other reports [15, 26] and confirmed that the mean SOD activity of the canine cryptorchid testes is low, as shown in the experimental cryptorchid testes of rats [1, 10, 29] . Because the activity of many enzymes, including SOD, in cryptorchid testes is very low as a result of the higher temperature of the retained abdominal or inguinal position than the scrotum, an increased ROS concentration has been reported in cryptorchid testes [1, 29] ; an increased testicular ROS concentration is a high risk factor for the occurrence and development of certain tumors [29] . However, the mean SOD activity of the SCTs was higher than in normal testes. The SOD activity of human ovarian tumors [16] has been reported to increase markedly. The high SOD production of SCTs is thought to be caused by abnormal tumor cell function.
The mean HSP concentration of the canine cryptorchid testes in the present study was very high. High temperature or heat stress has been found to induce an increase in HSP protein production in certain tissues [22] . HSP 70 stimulates proliferation of some types of tumor cells [6] , and it has been found to be an anti-apoptotic protein that inhibits cell death by apoptosis in human and canine mammary gland tumor cells [18] and human prostatic adenocarcinama cells [20] . The high level of HSP 70 in canine SCTs maintains the viability and development of tumor cells.
INH has been reported to be mainly produced by Sertoli cells in the testes of many animals species [2, 23, 24, 28] , including dogs [12] . The blood plasma INH concentration of cryptorchid men [3, 7, 21] and experimental cryptorchid rats [27] has been found to be lower than in normal men and rats. The authors have reported lower Sertoli cell function in experimental cryptorchid testes from dogs than in the contralateral scrotal testes [17] . In the present study the mean blood plasma INH-α concentration of the congenitally cryptorchid dogs was lower than in the normal dogs. Since the INH concentration in the testis is correlated with Sertoli cell function [19, 21] , the Sertoli cell function of the congenital cryptorchid testes in dogs is assumed to be poor. The rate of occurrence of SCT has been found to be markedly higher in knockout mice with INH-α gene deficiency [4] , and INH-α may play a role in inhibiting the development of SCT in dogs. The low INH-α concentration in the blood plasma of dogs with a cryptorchid testis is assumed to be a risk factor for the occurrence of SCT. However, it has already been reported that SCT cells produce a large amount of INH [8] and that the blood plasma INH concentration of dogs with SCT is very high [13, 25] , as found in the present study. Abnormal function of SCT cells is thought to cause markedly high INH-α production.
Based on the above, the low SOD activity in the canine cryptorchid testis may induce occurrence of testicular tumors, and the low INH-α concentration in blood plasma may be an especially important factor in the occurrence of SCT. A high HSP 70 concentration in the cryptorchid testis is assumed to accelerate proliferation of SCT cells. 
